SECTION 6:  CONTROL BY REFRIGERATION AND FREEZING 

Keeping food below 41oF as a means to control microbiological growth will be discussed in this section.

Table 1.  The temperature growth range for specific bacterial pathogens.

	Microorganism
	Growth Range (oF)

	Salmonella sp
	41.4oF – 115.2oF

	Clostridium botulinum A&B
	50.0oF – 118.4oF

	Clostridium botulinum Non-proteolytic B
	37.9oF – 113.0oF

	Clostridium botulinum E
	37.9oF – 113.0oF

	Clostridium botulinum F
	37.9oF – 113.0oF

	Staphylococcus aureus
	44.6oF – 122.0oF

	Yersinia enterocolytica
	29.7oF – 107.6oF

	Listeria monocytogenes
	31.3oF – 113.0oF

	Vibrio cholerae 01
	50.0oF – 109.4oF

	Vibrio parahaemolyticus
	41.0oF – 111.0oF

	Clostridium perfringens
	50.0oF – 125.6oF

	Bacillus cereus
	39.2oF – 131.0oF

	Escherichia coli (pathogenic types)
	44.6oF – 120.9oF

	Shigella spp.
	43.0oF – 116.8oF


COLD STORAGE 

Refrigeration temperatures are often used to control the growth of most pathogens.  Some pathogens, like Listeria, and Yersinia, will grow almost to the freezing point.  Refrigeration can also slow biological and chemical processes that result in spoilage, oxidative rancidity, and other quality defects. 

Control of temperature during storage can be accomplished using ice, chemical coolants such as gel packs, and mechanical dry refrigeration.  If temperature is controlled with ice or chemical coolants, then one needs to check if an adequate amount of coolant is present on the product.  An adequate amount of coolant means that the product temperature is maintained at the required temperature or is reduced to the correct temperature in the required time period. 

For dry refrigerated storage, the control can be assured by checking product temperatures. If the ambient temperature can be related to the product temperature, monitoring the temperature of the storage area will insure that the product temperature is under control. Ordinarily this requires use of continuous monitoring instruments, such as recorder thermometer charts, maximum-indicating thermometers, and high temperature alarms. 

Time/Temperature 

When food is removed from refrigeration, it goes through a lag phase where the temperature of the food increases to the growth range of pathogens. In that phase, little or no growth occurs as the microorganisms adjust to their new environment.  Depending upon the ambient temperature, food can stay out of refrigeration for at least several hours with no significant pathogen growth. Then, as the product temperature increases above acceptable refrigeration temperatures, growth accelerates and the doubling time decreases – this is the log phase. The purpose of refrigeration is to prevent this from happening. 

Traditionally it is recommended that food should not be in the temperature danger zone for more than four hours.  However, different pathogens grow at different rates at different temperatures and in different foods.  So, the actual maximum time that a product might be safely held in the temperature danger zone depends on the type of pathogen present and the ability of the food to support their growth.  Guidance on this is available in FDA’s Fish and Fishery Food Hazards and Controls Guide. Food processors might choose to set limits based on these factors rather than relying on the four-hour rule of thumb. Food inspectors should also use these factors when they evaluate the significance of time­temperature abuse. 

Control of time and temperature during processing might be more complicated than during storage. Therefore, the time and temperature exposure of the product must be tracked during production. This can be done by marking units of product and tracking how long they remain at unrefrigerated temperatures; monitoring the ambient temperature in a chill room operation; or monitoring product temperatures during different phases of production. 

Freezing 

Some microorganisms remain viable for long periods of time during frozen storage. Most viruses, bacteria spores, and some bacteria vegetative cells survive freezing unchanged.  Other microorganisms are sensitive to one or more steps associated with the freezing process -- freezing, frozen storage, or thawing. Because multi-celled organisms are generally more sensitive to low temperatures than are bacteria -- freezing and frozen storage are good methods to destroy microorganisms, such as parasitic protozoa, nematodes, and trematodes in various foods. This is a control measure for fish that is eaten raw or undercooked. 

Cooling after Cooking 

Cooling after cooking can also be a critical control point because cooked foods can still have pathogens present. Sometimes, particularly heat tolerant vegetative cells, like Listeria monocytogenes survive cooking. More often, spores survive cooking and begin to germinate when the food temperature drops below 135oF.  Also, food can be recontaminated during cooling with hand contact, condensate drippings or contact with other foods. 

If the cooking process is sufficient to destroy spores that might germinate during cooling, and the food is protected from recontamination during cooling, the cooling step might not be critical.  Situations where these conditions exist are probably limited to certain pressurized steam processes. 

There is sometimes a misunderstanding that putting food in refrigeration is sufficient to prevent microbial growth. When large volumes of hot food are cooled, it can take a long time, sometimes as long as 36 hours, to chill the food to a point where pathogen growth is inhibited. Thus, to cool foods safely, a two stage cooling method must be applied.  First, the temperature should be dropped from 135oF to 70oF in two hours. The temperature must be lowered through this range quickly because foodborne pathogens multiply most rapidly between these temperatures. Once that temperature range has been passed, an additional four hours can be taken to get the product down to 41oF. This cooling schedule should keep bacteria in the lag phase. 

Rapid Cooling 

A normal commercial refrigerator or walk-in cooler is designed to hold foods at refrigeration temperatures rather than rapidly cool food. Therefore, one must follow proven procedures to cool foods in the refrigerator.

· Use shallow containers that are two to four inches deep for cooling hot foods.  Separate the containers to allow circulation of cold air around each pan. With liquids this might be impractical because liquids can spill. It might also be impractical if there is limited refrigeration space. 

· Rapid cooling occurs most efficiently at the surface of a food container. However, when cooling containers of hot foods, the usual procedure is to cover them with a layer of plastic film, then another layer of aluminum foil. The purpose is to prevent foods from picking up odors or from drying out. But the result is an excellent insulator, which prevents cooling. Off-set a lid or “tent” a piece of foil on the container to allow steam to escape, which promotes faster cooling, and protects food from overhead drippings. 

· For cold salads, refrigerate all ingredients before mixing together. If one were making a tuna salad containing mayonnaise, canned tuna, chopped onion, and celery and one did not prechill these ingredients, one would have a hard time meeting the four-hour rule for the tuna salad. 

· Large turkeys, roasts, hams, or other solid pieces of meat can be deboned or sliced to increase the cooling surface. After deboning the pieces, do not layer more than a few inches deep. 

· Cook smaller volumes of food to prevent the need to cool large amounts of hot food. 

For many foods the rapid cooling might have to take place before the product is refrigerated. There are several quick chill methods to do this -- ice baths, adding ice to a product, an ice paddle, and a jacketed steam kettle. 

An ice bath can be used to precool the container of hot food before refrigerating it.  It helps drop the temperature quickly and also prevents the hot food from raising the temperature in the cooler.  This works best with liquid foods. 

Another rapid cooling method is to stir the food. An even better method is to use an ice paddle.  An ice paddle is a hollow paddle that is filled with water and then frozen. The melting ice stays in the paddle and does not dilute the product. It works best with liquid foods. 

Adding ice directly to a hot product also is also an acceptable way to rapidly cool food.  This works well with soups, chili, and some sauces.  The drawback is that it add water to the product, which can be problematic for some recipes.  So one has to review the ingredient list and add less water during the cook stage.

Pre-cooling food in large containers at room temperature is not a safe way to cool hot foods. The food stays in the temperature growth range for pathogens for too long.  Food must be put it in the cooler right away, preferably divided into smaller portions that will cool faster. 

If food is being prepared in a large, jacketed steam kettle, cold water can be circulated in the jacket to precool the food before refrigerating. 

LARGE VOLUME INSTITUTIONAL FACILITIES OR PROCESSING PLANTS 

Large volume institutional facilities or processing plants have the same types of cooling problems that foodservice operations do, but on a much larger scale. Some of the equipment they use for cooling might not be available to the retail or restaurant operator. 

Cook-chill operations are typically used in large institutional settings, such as prisons, hospitals, and school districts or in food processing plants.  Food is cooked in nylon reinforced plastic bags, or cooked and then pumped into these bags. The bags are chilled in a tumble chiller that tumbles the bags in ice water. This drops the temperature of large volumes of hot food quickly. Typically, an ice bank where coils of refrigerant are run through the tank of water provides the large volume of cold water needed.  Ice build-up on the coils makes the ice water. 

One of the best cooling methods is a blast freezer.  High velocity cold air can drop the temperature of large volumes of hot food in less than one hour. The containers of food that have been chilled can then be moved to a holding cooler. Typically this type of equipment is used in food processing plants and not in foodservice establishments. 

Cooling tunnels and spiral freezers are similar to blast freezers but are more compatible with moving production lines. They use high velocity cold air, or liquid carbon dioxide or nitrogen for rapid cooling. Food might be frozen before or after packaging depending upon the food and package size. 

Heat exchangers are used for cooling liquids, like milk and juice, after pasteurization. Lines containing cold, raw product run adjacent to lines of hot, pasteurized product. No actual exchange or co-mingling of product occurs. However, the cold juice, for example, picks up heat from the hot, pasteurized juice. This helps preheat the raw juice and also helps precool the pasteurized juice. 

THERMOMETERS 

The most common thermometer used is the bi-metallic, metal stemmed thermometer. This is normally referred to as a dial thermometer. It is often five inches long and is designed to take temperatures of relatively thick foods or food in deep containers. To get an accurate reading, the metal stem must be immersed to at least the small dimple on the stem for at least 20 seconds. More time might be needed for particularly cold food. These thermometers are generally accurate to +/-2oF. Some bi-metallic thermometers have a calibrating nut on the back of the dial. Those that do not cannot be calibrated. 

Thermometers should be calibrated in the range of temperatures that will be measured. Use the following method for those that are used to measure cold temperatures. Pack a container with a mixture of crushed ice and water. Insert the thermometer into the ice water so the dimple is covered, but the point of the thermometer is not touching the bottom of the container. Leave it there for ten minutes or so. At that point the dial should read 32oF. If it does not, adjust the calibrating nut so that the dial reads 32oF. 

If the thermometer is going to be used for hotter temperatures, a boiling point check should be used. In this case, hot water at a rolling boil is used in place of the ice slurry. 

A digital thermometer is used like a dial thermometer. The advantage of this type is that the readout is faster. This type of thermometer often cannot be calibrated. 

There are versions of both of these types, dial and digital, that are used by food processors for monitoring temperatures in equipment. 

A maximum indicating thermometer is used to record the maximum temperature reached in a product or place. It will hold the maximum temperature to which it is exposed, much like a fever thermometer. It is frequently used to check the temperature of the final sanitizing rinse in dish washing machines. It can also be used to monitor temperature spikes in cold storage or transportation. However, it cannot provide the length of the temperature spike. 

Another type of thermometer is a thermocouple. They are battery operated and give an instantaneous reading. They often have several channels so one can insert probes into several foods at one time. Sometimes they have a recording function so one can keep a record of the data. 

Another type of thermometers is the infrared thermometer. The infrared thermometers measure surface temperatures without touching the food. Their accuracy is +/- 3oF. When checking refrigerated foods, this thermometer must be placed in the cooler for 20 minutes before taking a reading, so that it can adjust to the abrupt temperature change. They have several advantages -- readings are instantaneous; there is no chance of cross-contamination; and it does not need to be washed after use. On the other hand, it only measures surface temperatures and, therefore, it cannot be used to check internal temperatures. 

There are several types of time temperature indicators. These indicators work on the principle of a wax that melts at a specific temperature, which results in a color change. Accuracy is very good, generally within plus or minus half a degree. One way these tapes are used is to check the effectiveness of the final rinse of a hot water sanitizing dish machine. Another use is in thermal processing to make sure there is not a mix-up between unprocessed and processed cans. These indicators do not however indicate the time of exposure at the indicator temperature. 

This same technology is used by processors to warn consumers that the product has reached the end of its shelf-life. It does this by integrating time and temperature exposure during storage and signaling, usually by color change, that the set point has been reached. 

There are both mechanical and electronic recording devices for monitoring temperature during storage and transportation of food. Both types of devices can be purchased which record temperature data and which might also be used to control processing or storage temperatures. 

Prepared by:  
Angela M. Fraser, Ph.D., Associate Professor/Food Safety Education Specialist, NC State University.  All content was adapted from the FDA course “Food Microbiological Control” prepared in 1998.  
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